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FTNAL  REPORT 


GRANT  #:  N000 14-9 8-1-0775 

PRINCIPAL  INVESTIGATOR:  M.  A.  R.  Koehl 

INSTITUTION:  University  of  California  at  Berkeley 

grant  TITLE:  Animal  Plume-Tracing  Behavior  in  Wave  Influenced  Flow 
Domains 

AWARD  PERIOD:  7/01/98  -  6/30/01 

OBJECTIVE :  Our  objective  is  to  elucidate  search  algorithms  used  by  benthic 
marine  animals  (mantis  shrimp)  when  finding  an  odorant  source  in  wave- 
influenced  coastal  flow  versus  in  unidirectional  flow.  Such  search  rules 
(relating  behaviors  to  the  instantaneous  plume  environment  near  sensors)  can 
be  implemented  in  artificial  systems  operating  in  coastal  environments. 

APPROACH:  We  videotaped  stomatopod  behavior  when  finding  odorant  sources  in 
waves  versus  unidirectional  flow  in  a  flume  while  simultaneously  using  planar 
laser-induced  fluorescence  (PLF)  to  quantify  the  instantaneous  concentration 
structure  of  the  odor  plume  around  the  antennules  when  the  animals  execute 
specific  behaviors.  Our  flume  flow  conditions  were  based  on  our  measurements 
of  water  flow  in  stomatopod  habitats,  and  the  odorant  concentrations  used  were 
based  on  our  y-maze  experiments  of  stomatopod  plume-tracing. 

ACCOMPLISHMENTS :  We  determined  the  fine  spatial  and  temporal  scale  of 

concentration  fluctuations  at  which  stomatopod  antennules  encounter  odor 
plumes  by  using  PLF  and  high-speed,  high-magnification  video  of  antennules  on 
a  stationary  body  as  they  flicked  in  waves  versus  in  unidirectional  flow  in 
the  Stanford  flume  (Koseff's  group  used  our  field  velocity  measurements  to 
design  relevant  flow  in  their  flume).  We  conducted  a  series  of  y-maze 
experiments  to  quantify  the  concentrations  of  odorant  to  use  in  our  flume 
behavior  experiments.  We  then  used  PLF  to  quantify  the  instantaneous  plume 
concentration  distributions  at  antennules  during  behavior  experiments  when  the 
animals  searched  for  a  momentumless  odor  source  in  the  flume  in  waves  versus 
unidirectional  flow.  We  simultaneously  recorded  stomatopod  behavior 
( locomotory  speed,  orientation,  location  and  frequency  of  antennule  flicking) 
while  searching  for  plumes,  relocating  lost  plumes  (plumes  meander),  odor 
tracking  within  plumes,  and  locating  the  source  when  very  near  to  it  (when  the 
odor  is  in  the  viscous  sublayer).  We  found  that  odor  plumes  in  both  waves  and 
in  unidirectional  flow  are  composed  of  fine  filaments  of  high  concentration 
interspersed  with  patches  of  clean  water,  an  that  stomatopods  sample  the  water 
around  them  in  a  pulsatile  way  by  flicking  their  olfactory  antennules.  When 
stomatopods  encounter  odor  filaments  with  their  antennules  while  plume 
tracking,  the  filaments  are  more  numerous,  have  a  higher  odor  molecule 
concentration,  and  are  wider  in  wave-affected  flow  than  in  unidirectional 
flow. In  both  wavy  and  in  unidirectional  flows,  animals  use  the  same  plume 
locating  and  plume-tracing  algorithms:  1)  move  perpendicular  to  the  flow 
direction  until  odor  filaments  are  encountered,  and  then  turn  upstream;  2) 
move  back  and  forth  across  the  plume,  heading  upstream  at  an  angle  of 
approximately  45  degrees  to  the  flow  direction  ("casting"  behavior),  narrow 
the  cast  as  closer  to  the  source  (where  the  plume  gets  narrower),  and  3) 


sample  the  water  with  olfactory  sensors  held  high  until  near  the  benthic 
source  (where  the  plume  height  is  small);  then  sample  with  sensors  close  to 

the  substratum. 

significance:  We  are  quantifying  search  algorithms  used  by  benthic  marine 
animals  when  finding  an  odor  source  in  the  oscillatory  flow  of  waves  as  well 
as  in  unidirectional  currents.  Although  animals  and  automated  plume-tracing 
devices  using  water-borne  chemical  cues  to  locate  objects  m  shallow  coastal 
sites  must  find  odorant  sources  in  waves,  plume-tracking  studies  before  ours 
focused  on  unidirectional  flow.  By  quantifying  the  instantaneous  plume 
environment  around  the  olfactory  antennules  of  the  animals  while 
simultaneously  measuring  the  behaviors  that  they  execute,  we  are  elucidating 
search  rules  that  can  be  implemented  in  artificial  systems  designe  ° 
operate  in  coastal  environments.  The  search  algorithms  we  are  working  out  for 
marine  organisms  finding  odor  sources  in  wave-driven  flow,  which  is  typical  o 
shallow  marine  environments,  should  be  useful  in  developing  search  algorithms 
for  man-made  vehicles  and  robots  searching  for  odor  sources  in  coastal  areas. 
In  addition,  the  information  we  are  gathering  about  how  the  hydrodynamic 
design  and  deployment  of  olfactory  antennules  affects  the  spatial  and 
temporal  scales  of  odorant  capture  should  provide  valuable  information  for  the 
design  of  man-made  olfactory  sensors. 
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